How to cite / Atıf için: Biri İ, Gültekin Y, Bahadır S, Deniz K, Küçük KC. Prognostic significance of metastasis-suppressor gene NM23 in gastric carcinoma.
Introduction
Gastric carcinoma is aggressive, and one of the most common gastrointestinal cancers [1] . Its incidence varies geographically, and its prevalence is not uniform. The frequency of gastric carcinoma is particularly higher in Japan and Colombia [2, 3] . Despite increasing resectability rates and decreasing incidence in Western societies starting from the second half of the twentieth century, gastric carcinoma remains the second globa leading cause of the cancer-related deaths [4] .
Metastasis is a critical factor in the prognosis of cancer patients and plays an important role in mortality. Studies have focused on this area to define novel therapeutic strategies. The discovery of a new class of genes, which are metastasissuppressor genes, has attracted a lot of attention. The first identified metastasis suppressor gene is NM23 [5] . Murine NM23 cDNA was discovered using differential colony hybridization in murine K1735 melanoma cell lines. mRNA and protein levels of NM23 were studied in numerous model systems and its decreased expression was detected in highly metastatic samples [6] . In humans, NM23 gene family (also known as NME genes) comprises 10 genes. It is located at 17q21, and encodes nucleoside diphosphate kinase A. So far, it was clearly shown that NM23-H1 is a critical regulator of the signaling networks that play a role in local invasion and the adhesion of cancer cells in primary tumors [7] . However, the mechanism by which NM23 suppresses tumor metastasis is still not understood. Despite studies indicating that NM23 is anti-metastatic, there are other studies reporting contradictory results. A definitive conclusion is yet to be reached.
In the light of previous research, we thought that the NM23 gene expression can help with the prediction of metastatic diseases. If metastatic disease can be predicted through NM23, patients with a high risk of metastasis can undergo neoadjuvant chemotherapy to decrease recurrence and improve survival rates. For this purpose, the study aims to investigate the antimetastatic properties of NM23.
Materials and methods
This study was approved by the Ethics Committee of Erciyes University School of Medicine. This cohort consists of ninety patients (male 67, female 23) who were diagnosed with gastric carcinoma and operated at Department of General Surgery of Erciyes University School of Medicine between January 1, 2009 and January 1, 2010. The demographic data of patients, i.e. gender, age and tumor localization, tumor size, operation, surgical margin, TNM stage and differentiation, presence of local, vascular and perineural invasion, lymph node involvement, distant and local organ metastasis were recorded.
Patient selection
Based on the pathology, those who are positive for lymph node metastasis were included in the metastasis group, and those who are negative for lymph node metastasis were included in the non-metastatic group. Although paraffin samples obtained from distant metastatic sites such as the liver or lymph nodes were stained with NM23, immunohistochemical staining was performed on the gastric tumor to evaluate prognostic factor (lymph node metastasis, vascular invasion, perineural invasion, local invasion, degree of differentiation and distant metastasis).
Immunohistochemistry (IHC)
General IHC Protocols database was used for NM23 expression analysis in pathological samples. Samples were fixed with 10% formaline, prepared with routine processing, cut in 3 to 5-micron slices and embedded in paraffin. Endogen peroxidase activity was blocked with hydrogen peroxide to minimize nonspecific staining and ground dyeing. The samples were washed for 10 minutes in phosphate buffered saline solution. As the primary antibody, NM23-H1 (1/50 dilution) (37.60) (sc-56928, lot#L2107 mouse IgG2a supernatant stored at -20 o C, 250 microliters Santa Cruz Biotechnology) was used. This antibody is similar to the NM23-H1 gene product and it increases when NM23-H1/NDP kinase A is present.
Streptavidin-biotin peroxidase method was used for immunohistochemical staining (SPlink HRP Detection Bulk Kit for Mouse and rabbit antibodies streptavidin-biotin kit). Results of immunohistochemical staining were evaluated together with the normal gastric mucosa adjacent to the tumor. Depending on the degree of staining of the tumor cell with NM23 compared to the normal tissue, immune staining was classified into two groups: "negative-weak staining" and "strong staining" ( Figure  1 ). 
Statistical analysis
Statistical analyses were performed using SPSS version 15 software. The conformity of the variables to normal distribution was examined using visual (histogram and probability graphs) and analytical (Kolmogorov-Smirnov/Shapiro-Wilk tests) methods. In descriptive analyses, variables with normal and non-normal distribution were expressed as mean and median, respectively. To assess the prognostic significance and anti-metastatic properties of NM23 in gastric carcinomas, those with no NM23 staining (negative) and with focal or diffuse weak staining were included in the "negative-weak staining group" (Group 1), and those with focal or diffuse strong staining with NM23 were included in the "strong staining group" (Group 2). The statistical significance of differences between Groups 1 and 2 in terms of lymph node metastasis, vascular invasion, perineural invasion, degree of tumor differentiation, tumor stage and distant metastasis was determined by Chi-square or Fisher tests. A P-value less than 0.05 was considered statistically significant. years. No statistically significant difference was found between the groups in terms of age and gender (Table 1 ). 70.7% of 58 patients with lymph node metastasis showed negative-weak staining and 29.3% showed strong staining. 40.6% of 32 patients with no lymph node metastasis had negative-weak staining and 59.4% had strong staining. Group 1 had more lymph node metastasis than group 2 (P=0.01). No statistically significant difference was found between the two groups regarding vascular invasion (P=0.23), perineural invasion (P=0.36), degree of tumor differentiation (P=0.54), distant metastasis (P=0.39) and tumor stage (P=0.24) ( Table 2 ). While there was no significant difference between degree of tumor differentiation and groups (P=0.54), NM23 staining in poorly differentiated tumors was observed to be 65.9% and 34.1% for Group 1 and Group 2, respectively. Rate of negative-weak staining was significantly higher in poorly differentiated tumors. These rates supported the anti-metastatic property of NM23. There was no statistically significant difference between Group 1 and Group 2 in terms of distant metastasis. However, our findings supported the anti-metastatic property of NM23. Negative-weak staining was observed in 68% of the patients with distant metastasis, and 32% of the patients showed strong staining. Likewise, negative-weak staining was at 64.6%, and strong staining was at 32.4% in stage IV tumors. In stage III tumors, these ratios were 75% and 25%, respectively. These findings were deemed to be supporting the anti-metastatic property of NM23 expression ( Table 2 ).
Results

Discussion
Although there has been a decrease in mortality in the last 60 years, gastric carcinomas are still the most common cancers and the most common causes of mortality [8] . Metastasis is a critical factor in the prognosis of cancer patients [9] . The first identified metastasis suppressor gene is NM23. Decreased NM23 expression has been associated with potentially increased metastasis in various cancers, i.e. breast cancer, gastric cancer, melanoma [10] [11] [12] [13] [14] . In lung and pancreatic cancer, increased NM23 expression is associated with poor prognosis [15] . In the literature, NM23 is thought to play different roles in different tissues. Some studies show that NM23 expression in gastric carcinoma doesn't predict survival and liver or lymph node metastasis [16] [17] [18] . In this study, we found that the decrease in NM23 expression caused an increase in lymph node metastasis.
Lee et al. [19] have retrospectively analyzed 841 patients who underwent gastrectomy due to gastric carcinoma. Contrary to our results, it was shown that increased NM23 expression is correlated with poor prognosis. Consistent with the results of Lee et al. [19] , Müller et al. [20] have reported that there is a positive correlation between increased NM23 expression and poor prognosis and lymphatic vessel invasion.
We observed that the decrease in NM23 expression led to increased lymph node metastasis. Consistent with our study, Kodera et al. [21] showed that decreased NM23 expression was associated with increased lymph node metastasis. They found no clinically significant correlation between decreased NM23 expression and distant metastasis.
In their study on NM23 expression, Liu et al. [22] have reported that decreased NM23 expression is associated with increased lymph node involvement. On this subject, Yu et al. [23] have noted that there is a correlation between decreased NM23 expression and increased distant metastasis. Our research results coincide with the study of Liu et al. [22] . We could not observe statistical significance with regards to distant metastasis. However, our findings support the argument of Yu et al. [23] that decreased NM23 expression in gastric cancers may lead to increased distant metastases.
No result concerning the anti-metastatic property of NM23 could be reached in some studies on NM23 in gastric cancer. Monig et al. [24] , who investigated the correlation between NM23 and prognosis, could not detect any correlation between NM23 expression and distant metastasis, lymph node involvement or prognosis in gastric carcinomas. Similar results were obtained by Radovic et al. [4] who suggested that there was no significant correlation between clinicopathologic variables and NM23 expression. The study by Yang [25] also corroborated these results and concluded that there was no correlation between NM23 expression and metastases, also noting that NM23 can play a role in tumor pathogenesis.
Limitations
The number of patients and the fact that it was a singlecenter study proved to be the limitations of our study.
Conclusion
This study demonstrated that NM23 expression had anti-metastatic properties for lymph node metastasis. In addition, findings supporting the anti-metastatic property of NM23 expression were obtained in terms of distant metastasis, degree of tumor differentiation and tumor stage. Nevertheless, there are still conflicting findings regarding the anti-metastatic properties of NM23 gene expression. It is therefore thought that further research is needed.
